The synthesis of bicyclo[2.2.2]octane patchouli alcohol analogues by the Sakurai conjugate addition and Nagata cyclization is described. By this approach, complementary to those so far adopted and based on the Diels-Alder addition, known analogues 2, 3 and 20 and new analogues 8-11, with 1-isopropylbicyclo[2.2.2]octane structure, could be obtained. The olfactory properties of 8 and 10 were also evaluated.
Introduction
The olfactory properties of patchouli alcohol 1, a sesquiterpenoid largely available from natural sources, are well known. Since total synthesis 2 has proven uneconomical, a systematic search for synthetic analogues with simpler structures I (R=H, alkyl, alkenyl) and II (R=H, alkyl, alkenyl) has been carried out by Spreitzer 3 and Weyerstahl. Some compounds of type I and II display olfactory properties similar to those of 1. 4 A general requisite for patchouli alcohol-like olfactory properties is a 13-15 C-atoms skeleton. 5 In the case of analogues of type II, another requisite is that the "hydroxyl group should be sterically shielded by a methyl or another group to a large extent but not completely". 2 R 1 =H, R 2 =H, R 3 =H, R 4 =H 3 R 1 =Me, R 2 =Me, R 3 =H, R 4 =H 4 R 1 =Me, R 2 =i-Pr, R 3 =H, R 4 =H 5 R 1 =Me, R 2 =H, R 3 =Me, R 4 =Me 8 R 1 =i-Pr, R 2 =H, R 3 =H, R 4 =H 9 R 1 =i-Pr, R 2 =H, R 3 =Me, R 4 =Me 6 R 1 =H, R 2 =H, R 3 =Me, R 4 =Me 7 R 1 =Me, R 2 =Me, R 3 =Me, R 4 =Me 10 R 1 =i-Pr, R 2 =H, R 3 =Me, R 4 =Me 11 R 1 =i-Pr, R 2 =H, R 3 =H, R 4 =H
HO
The key intermediate in the Spreitzer approach was the bicyclo[2.2.2]octan-2-one 5, obtained by catalytic hydrogenation of the Diels-Alder addition product IV of ethylene to the unsymmetrical activated diene III (2,6,6-trimethylcyclohexadienone) . By standard steps 5 was converted into analogues of type II (Scheme 1). 
Scheme 1
Weyerstahl obtained intermediates I via catalytic hydrogenation of the Diels-Alder addition product VI of an activated unsymmetrical dienophile (α-chloroacrylonitrile) to symmetrically 1,4-disubstituted unactivated dienes (cyclohexadiene or 1,4-dimethylcyclohexadiene) or to readily available α-terpinene (Scheme 2).
Scheme 2
Steric, regiochemical and electronic restrictions of the Diels-Alder reaction as well as the availability of suitable dienes limit the versatility of this approach and the number of analogues I and II of patchouli alcohol obtainable.
In our studies for the synthesis of natural products containing bicyclo[2. LG=leaving group
Scheme 3
The targets we selected were the known 2 4 , 3 4 , 20 10 and the novel 1-isopropylbicyclo[2.2.2]octan-2-one 8. Compound 8 was selected since its C(4) homologue 4 could be obtained only in trace amounts by the Diels-Alder approach, owing to the "strong steric influence of the bulky isopropyl group". 4 In addition 1-isopropylbicyclo[2.2.2]octan-2-one 8 can be transformed into 9, a new analogue of type I, and into 10 and 11, new analogues of type II. Thus information on the effect of a bulky alkyl group at C(1) on the olfactory properties of analogues of type I and II could be obtained.
Results and Discussion
The starting materials for this study (Scheme 4) were commercially available anisoles 12 which were converted into α,β-unsaturated ketones 13 by Birch reduction followed by acidic hydrolysis. 
Scheme 5
Compound 8 was also converted with MeI and NaH into the highly volatile gemdimethylated compound 9 which could not be isolated. It was therefore reduced with LiAlH 4 to 10. LiAlH 4 reduction of 8 gave then 11.
Evaluation of olfactory properties.
The evaluation of olfactory properties requires a rather large amount of material. Thus only compounds 8 (type I) and 10 (type II) were subjected to olfactory evaluation. Evaluation of analogue 8 revealed a scent reminiscent of eucalyptol and camphor, with the earthy-fruity part of patchouli oil. Thus the presence of the isopropyl group at C(1) appears to be sufficient for maintaining the earthy-fruity note of patchouli fragrance. In contrast, previously prepared analogues of type I having such olfactory properties were substituted at C(1), C(3) and C(4). 4 The 13 C skeleton analogue 10 gave an earthy, mouldy and harsh odour with a technical and solvent-like note in olfactory evaluation. The HO-C(2) shielding by the isopropyl group at C(1) and by the two methyl groups at C(3) seems therefore to be responsible for the lack of the patchouli alcohol note in 10 (see prerequisites noted in the Introduction).
Conclusions
In conclusion, by preparing known analogues 2, 3 and 20 and new analogues 8-11, we have shown that the approach based on the Sakurai cyclohex-2-en-1-one conjugate addition and on the Nagata 3-sulfonyloxyethylcyclohexanone cyclization is quite convenient for the preparation of patchouli alcohol analogues of type I and II. Thus optically active patchouli alcohol analogues of type II can be prepared by performing the last reductive step with an asymmetric reducing reagent.
This approach could be useful for preparing a number of compounds of type I and II and in evaluating the influence on the olfactory properties of C(1)-substituents different than H and methyl, thus contributing to the knowledge of structure/odour relationships in this class of compounds, a target which deserves considerable attention and efforts. 11 Financial support by Università degli Studi di Roma "La Sapienza" (Ateneo 60%) and Ministero dell'Istruzione, Università e Ricerca (COFIN 2000 "Sintesi di Sostanze di Comunicazione Chirali" and COFIN 2002 "Aromi e Fragranze") is finally gratefully acknowledged. 15c, 15d, 16c, 16d, 19b, 19c, 19d) are not reported. Olfactory properties of compounds 8 and 10 were evaluated at Givaudan Schweiz AG in a 10% dipropylene glycol (DPG) solution.
Experimental Section

5-Allyl-2,5-dimethylcyclohexanone (14c).
To a solution of enone 13c (7.9 g, 63 mmol) in anhydrous CH 2 Cl 2 (40 mL), cooled to -78°C, a solution of TiCl 4 (6.8 mL, 63 mmol) in anhydrous CH 2 Cl 2 (13 mL) was added dropwise. To the well stirred mixture a solution of allyltrimethylsilane (11 mL, 69 mmol) in anhydrous CH 2 Cl 2 (60 mL) was added dropwise. After 1 h the mixture was allowed to warm slowly to -30°C and stirred for 45 min. The reaction was then quenched at 0°C with H 2 O and the whole poured into a separatory funnel. The layers were separated, the aqueous was extracted with CH 2 Cl 2 (2x50 mL). The combined organic layers were repeatedly washed with sat. NaHCO 3 solution, brine, dried with anhydrous Na 2 SO 4 and concentrated at atmospheric pressure distilling off the solvent through a Vigreux column. The crude product was then purified by CC (SiO 2 : petroleum ether (40-70°)/Et 2 O: 8.5/1.5) to afford 14c as an oil (7.8 g, 50 mmol, 75% 9, 64.7, 60.9, 44.5, 38.3, 36.7, 34.8, 31.1, 22.7, 10.7. C 11 H 20 O 3 (200.27 58.7, 53.3, 46.7, 44.5, 38.8, 36.6, 31.3, 23.1, 14.3 217.7, 47.8, 45.3, 28.9, 27.7, 25.2, 24.6, 17.6. C 11 H 18 O (166.26) ; Calc. C: 79.46; H: 10.91%. Found C: 79.58; H: 11.12%. 1-Isopropyl-3,3-dimethylbicyclo[2.2.2]octan-2-ol (10). To a stirred solution of 8 (380 mg, 2.3 mmol) in THF (3 mL) NaH (0.8 g, 3.5 mmol) was added portionwise under Ar and the mixture was stirred at r.t. for 40 min. CH 3 I (4 mL, 0.07 mol) was then added dropwise and the mixture refluxed under Ar until TLC monitoring (SiO 2 ; petroleum ether (40-70°)/Et 2 O: 9/1, R f (8)<R f (9) ) showed the disappearance of the starting material. The reaction mixture was neutralized with 0.5N HCl, washed with H 2 O, brine, dried with anhydrous Na 2 SO 4 and evaporated at atmospheric pressure. The residue constituted by 1-isopropyl-3,3-dimethyl-bicyclo[2.2.2]octan-2-one (9) was used as such in the following step. A solution of compound 9 in anhydrous THF (10 mL) was treated with LiAlH 4 (130 mg, 3.3 mmol). The reaction mixture was stirred at r.t. until TLC analysis (petroleum ether (40-70°)/Et 2 O: 9/1, R f (10)<R f (9) ) showed the disappearance of the starting material (1h). Excess LiAlH 4 was quenched by dropwise addition of H 2 O and neutralized with 0.1N HCl. The layers were separated and the aqueous one extracted three times with Et 2 O. The combined organic layers were washed with brine, dried with anhydrous Na 2 SO 4 and concentrated at atmospheric pressure. The crude residue was purified by CC (SiO 2 ; petroleum ether (40-70°)/Et 2 O: 9.5/0.5) to afford 10 as an oil (350 
